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ABSTRACT 
Benthic macroinvettebrates - and phys1cochemical parameters were 
sampled monthly in Spring Lake, Florida from July, 1978, to June, 
1979. Spring Lake is a slightly acidic, sand bottom lake located in 
the sandhill region of the Central Highlands. While submersed vege-
tation is not dense, the lake does contain an abundance of the endem-
ic submersed plant Mayaca aubletii . . The littoral zone is dominated 
by plants belonging to the genera Panicum, Nuphar, Hydrocotyle, 
Nymphaea, Sagittaria, and Typha. The benthic macroinvertebrates 
collected consisted of 51 species; approximately 50 percent were in 
the family Chironomidae. The annual mean number of individuals was 
2 947/m . The mayfly Hexagenia munda orlando was the most numerous 
species (18.4 percent of the annual mean); the Chironomidae was the 
most numerous family (31.6 percent of the annual mean). The annual 
mean value for the Simpson's Index was 0.25 while the annual mean 
value for the Shannon Index was 2.60. 
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INTRODUCTION 
The benthi~ macroinvertebrate community is an important compo-
nent in the food chain of aquatic ecosystems. In the past decade, 
benthic macroinvertebrates have been utilized as indicators of 
organic pollution and as determinants of the trophic status of lakes. 
At present, however, the population dynamics and trophic inter-
relationships of lake benthic fauna are only beginning to be under-
stood (Wetzel, 1975). 
Benthic macroinvertebrates occupy almost all levels of the 
trophic structure in lake ecosystems. They include omnivores, carni-
vores, herbivores, and detritivores. In a well balanced environment, 
all types are likely to be present. Being important members of the 
food web, the benthic fauna diversity determines the well being of 
fish populations (Michael, 1968; US Environmental Protecetion Agency, 
1973). 
While instantaneous sampling of physical and chemical parameters 
provide information on the immediate conditions of a water body, 
observations of the benthic community are important in measuring the 
environmental conditions over a long period of time coupled with the 
possibility of detecting environmental change (Wiederholm, 1980). 
Benthic macroinvertebrates are useful as water quality indicators 
2 
because of their relatively long life span, their limited mobility, 
and their sensitivity to environmental conditions (Beck, 1954; US 
EPA, 1973; Hulbert, 1976). 
There are two basic approaches to water quality analysis with 
benthic macroinvertebrates: community structure and indicator 
organisms. Species diversity indices describe benthic community 
structure with a mathematical expression, while indicator organis ms 
are used to describe environmental conditions. / Clean, unpollut ed /o 
environments are characterized by large numbers of species but few 
indiv iduals per species and polluted environments are charac t e ri zed 
by f ew spec i es but large numbers of individuals (Wilhm and Dorris, 
1968; Hulbert, 1976; Osb orne et al., 1976; Ransom and Dorris, 19 72 ). 
The Shannon Index (d) depicts the species diversity of t he ben t h ic 
-
c ommunity. Values genera ted for d can theoretically range fr om zero 
to infinity b ut in practice generally range from zero to five (Ransom 
and Dorris, 1972). Shannon Index values of less than 1.0 have been 
obtained from heavily polluted waters, values 1.0 to 3.0 from waters 
of moderate pollution, and greater than 3.0 from clean waters (Wi l hm 
and Dorris, 1968). The other approach involves using certain benthic 
macroinvertebrates as indicator organisms. Several researchers have 
cited certain benthic macroinvertebrates as characteristic of clean 
water and others as characteristic of polluted water (Beck, 1954; 
Goodnight, 1973; Mason et al., 1971). Resh and Unzicker (1975) have 
stre ssed the necessity to identify benthic macroinvertebra t es t o the 
species level when utilizing the indicator organism approa ch to 
3 
develop water quality criteria. Different species of benthic macro-
invertebrates belonging to the same genus may vary in their degree of 
pollution tolerance. Gaufin and Tarzwell (1956) and Hulbert (1976) 
expanded upon the indicator organism approach emphasizing that asso-
ciations of benthic macroinvertebrates provide a more reliable 
criterion of organic enrichment than the occurrance of an indicator 
species. Several other variations of these approaches have been 
utilized including: the Oligochaete/Chironomid ratio (Wiederholm, 
1980), the relative abundance of Oligochaete to other benthic species 
(Wiederholrn, 1980 ; Goodnight, 1973), and the relative abundance of 
different Oligo(:haete species (Howmiller and Scot't, 1977). 
The objective of this study \vas to describe the diversity and 
abundance of benthic macroinvertebrates as related to physical, 
hemi cal, and biological parameters in an oligo-mesotrophic central 
Flori da lake. 
METHODS AND MATERIALS 
Spring Lake is a 53.8 ha, sand bottom lake located in the sand-
hill region of the lower portion of Central Highlands in the south-
west section bf Orange County, Florida. The approximate ntean depth 
of all stations sampled was 5.7 m. The lake is spring-fed with acid, 
clear (i.e., free of organic color) waters. A large motel is located 
on the southeastern side of Spring Lake. Several residential homes 
are located on the western side of the lake. The remainder of Spring 
Lake is surrounded by cultivated citrus groves. 
Water flow into Spring Lake is generally underground although 
some runoff enters the lake from cultivated citrus groves. North to 
south on the western side of Spring Lake is a series of nutrient 
abatement ponds which were constructed between 1973 and 1975 (Figure 
1). The ponds receive nutrient rich water from a golf course to the 
north of the lake and a residential development to the west. The 
water flows through the p9nds -where submergent and emergent aquatic 
vegetation and algae assimilatenutrientsbefore the water enters a 
sand filter on the south side ot Spring Lak~. A negative berm was 
constructed between the ponds and the lake to prevent runoff from 
entering the lake (Figure 1). 
Littoral vegetation surrounding Spring Lake is represented by 
plants belonging to the genera Panicum, Nuphar, Hydrocotyle, 
Figure 1. Illustration of Spring Lake and nutrient abatement ponds 
with d i agram of flow through the detention pond system. 
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6 
Nyrnphaea, Sagittaria, and Typha. Subrnergent vegetation consists 
primarily of Mayaca aubletii with some Utricularia sp. and Eleocharis 
sp. Throughout 1973 and 1974, Mayaca was very abundant in Spring 
Lake, however, it has been seen to decrease in abundance between 1974 
and 1976 (Osborne, 1974, 1976). Mayaca had become firmly reestab-
lished in Spring Lake by November, 1978, and occupied approximately 
20 percent of the lake bottom. 
Sampling Design 
Physicochemical and biological samples were collected monthly 
from Spring Lake between July, 1978, and June, 1979. Six stations 
were selected at random each month. Sampling stations were selected 
from a possible 23 stations on a grid overlay of a map of Spring 
Lake (Figure 2). Stations were selected randomly each month, thus 
each grid square had the same probability to be chosen for a station 
monthly. A total of 72 stations were sampled during the study year. 
Physicochemical Measurements 
~~ater temperature was measured at 1.0 m depth intervals from the 
surface to the bottom with a Montedoro-Whitney Corporation, Model 
TC-SC, underwater thermometer. Water depth was recorded to the 
nearest 0.25 musing the underwater thermometer cable. Specific 
conductance, a measure of the total dissolved electrolytes in the 
water, was mea~ured @ 1.0 rn below the water surface with a Montedoro-
\~itney Corporation, Model CTU-4, specific conductivity meter. 
Visible light penetration was measured with a standard black and 
white 20 ern Secchi disc. Observations were made on the shady side of 
Figure 2. Map of Spring Lake with sampling grid. 
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the boat, when possible, to lessen the effects of the sun's reflec-
tion on the surface of the water. Relative light intensity was 
measured in the water column with a Kahl Scientific Instrument Corpo-
ra ti on s ubmarine photometer (Model 268W A310) at a depth of 2.5 m. 
The ve rtical light extinction coefficient, (k), was determined for 
the \vater column by placing these values in the Lambert-Beer 
equation: 
I = I - kz z 0 
where : I 2 relative intensity at 2.5 m 
I 0 intensity a t water surface 
k extinction coefficient 
z depth (2.5 m) 
Dissolved oxygen concentrations we re determined with the modi-
fied \ inkler Method (American Publi c Hea lth Association, 1975). 
\ ater samples were collected with a 1. 2 1 Kemmerer tvater sampler at 
the surface and bottom of the \.Vater column. Chemical analysis for 
·olor , turbidity, nitrate-nitrogen, nitrite-nitrogEtn, and phosphate 
phosphorus were determined by methods outlined in APHA (1975) and US 
EPA (1977). A Mo del PBL Sargent-Welch pH meter was used in determin-
ing pH , carbona te , bicarbonate, and total alkalinity. Inorganic 
~arbon was determined from pH and alkalinity using the conversion 
table given in Wetzel and Likens (1979). 
Biological Me surements 
To es timate algal standing crop, water samples were filtered 
through 0.45 urn gJ a ss f ib e r filters and the chlorophyll pigment 
9 
extracted in 10 rnl of acetone in the dark for 48 hours at 4°C. 
Chlorophyll concentrations were analyzed spectrophotornetrically and 
determined by the equation of Richards with Thompson (1952). 
Benthic rnacroinvertebrates were collected monthly with a 15 
2 
ern tall form Ekman grab. Two grab samples were taken per station. 
The samples were pooled and washed through a #30 mesh sieve bucket. 
Macroinvertebrates were hand picked with the aid of magnification 
and preserved in a 90-5-5 percent solution of ethy l alcohol, forma-
lin, and water. Organisms were enumerated and identified to species. 
Perm&nent mounts of the Chironornid l arvae were made on gl ass slid es 
with Turtox CMCP-9 mounting med i a. Macroinvertebra tes were identi-
fied with the aid of Berner (1950), Beck (1976), Mason (1973), 
Needham and Westfall (1955), Oliver et al., (1978), Parrish (1975), 
Pennak (1953), Usinger (1968), and Edmonds on (1959). 
Numbers of species and numbers of individuals per species were 
used to calculate species diversity and species dominance. The 
Shannon Index for species diversity (Wilhrn and Dorris, 1968) was 
calculated with the equation: 
where: = the number of individuals of the ith species 
N the number of individuals of all species 
while the Simpson Index for species dominance (Simpson, 1949) was 
determined using the equation: 
as given for d. 
RESULTS AND DISCUSSION 
Description of the Environment 
Monthly mean values for surface water temperature ranged from 
14.2 C in February, 19~9, to 30.6 C in July, 1978, (Table 1) which is 
a range of approximately 16 C. Water temperature at the lake bottom 
ranged from 14.1 C in February, 1979, to 30.4 C in July, 1978 (Table 
1). The monthly mean surface water temperatures varied less than 1 C 
from the monthly mean lake bottom ~.<Jater temperatures (Appendix I, 
F "gur e 1). rhermal stratification was not observed in Spring Lake 
during the study year. Shannon and Brezonik (1972) reported that only 
eight of the 55 lakes which they studied in central Florida were 
sufficiently deep to develop stable stratification and oxygen defi-
cien bottom waters. The lack of thermal stratification in Spring 
Lake allol..Jed fo r complete mixing of the water column which is apparent 
by the uniformity of the top and bottom values for most of the 
physicochemical parameters. 
Hontl 1~.)' wean values of visible light penetration, measured with a 
:ecLhi disc, ranged from 474.2 em in March, 1979, to 641.6 em in 
January , 1979, with an annual mean of 533.1 ern (Table 1). The mean 
Secc~i disc value in clea~ oligotrophic central Florida lakes observed 
by .~ hannco and Brezonik (1972) was 400 em. Except in the monch of 
March, the Secchi disc was visible on the lake bottom at stations 
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less than 400 em deep. Low Secchi disc readings in March were 
probably due to an algae bloom. Mean monthly chlorophyll values 
3 peaked in March at 5.06 mg/m (Table 1). Osborne (1976) reported the 
annual mean for visible light penetration in Spring Lake in 1976 as 
311.0 em. The increase in the annual mean of visible light pene-
tration of over two meters is assumed to be the result of t' .e effec-
tive operation of the detention basins in removing a large portion 
of the surface runoff from Spring Lake and/or the increase in the 
density of Mayaca aubletii during 1978. Dense stands of submersed 
macr ophytes have been shown to inhibit phytoplankton product ivity 
through competition for light and nutrients (Wetzel, 1975). 
The oean monthly vertical light extinction coefficien t ranged 
from0.45in May, 1979, t o0 .9 3 in April, 1979; the annual mean. for the 
study year was 0.61 (Table 1). Turbidity was highest in June, 1979, 
(1.4 FT units) while color was highest in November, 1978 (5 ~ 8 Pt-Co 
units ) (Appendix I, Figures 6, 7, and 8). The annual means for water 
color were 3.2 Pt-Co units (surface) and 3.1 Pt-Co units (bottom 
me ter). Osborne et al. (1976) reported a range of water color from 
10 to 25 Pt-Co units in six oligotrophic central Florida lakes. 
Milleson (1978) reported the mean water color of Lake Placid, an 
oligo-mesotrophic south central Florida lake, was 11.6 Pt-Co units. 
Dissolved oxygen concentrations were higher in the ,,Ji.r .. ter than 
i n the su!nrner (Appendix I, Figure. 9) and ~vere related to te::2pe rature 
regulatic~ rather than decomposition or phytoplankton phot osyn thesis. 
'Monthly mean values for dissolved oxygen ranged from 5.8 ppm to 
13 
9.8 ppm for the surface and bottom meters. There was no statistical 
difference (± 95 percent confidence limits) between mean monthly 
surface and bottom oxygen concentrations. According to Wetzel 
(1975), in oligotrophic lakes the change with depth in oxygen concen-
tration is regulated largely by physical means. Because Spring Lake 
was holomictic and lacked thermal stratification, a dissolved oxygen 
gradient with depth did not develop. Dissolved oxygen concentrations 
in Spring Lake probably were not limiting to the benthic rnacroinver-
tebrate population (Wetzel, 1975) since they were not observed to 
drop below 5.0 ppm for the 1978-79 study year. 
Spring Lake is slightly acid; the annual mean for pH during the 
study year was 6.2 (Table 1). Little variation in pH was noted from 
month to month or from surface to bottom (Appendix I, Figure 10). 
Total alkalinity peaked in September at almost 15 ppm Caco 3 . Mean 
total alkalinity dropped to 6.0 ppm Caco3 at the surface and remained 
fairly constant through the remainder of the study year (Appendix I, 
Figure 11). Monthly mean values for inorganic carbon followed the 
same trends as total alkalinity (Appendix I, Figure 12). Annual 
means for total alkalinity and inorganic carbon in the top meter of 
the water were 7.3 ppm Caco3 and 4.5 ppm inorganic carbon, respec-
tively (Table 1). Total alkalinity in Sprin~ Lake was due to the 
presence of bicarbonate ions in the absence of carbonate alkalinity. 
Many algae and aquatic vascular plants have the ability to assimilate 
bicarbonate ions (Raven, 1970). According to Cole (1975), total 
alkalinity above 40 to 44 mg/liter Caco 3 supplies adequate carbon 
14 
dioxide; below this, the demands of photosynthesis outstrip the sup-
ply of inorganic carbon, and the daily primary productivity rates may 
be limiting. Due to low levels of bicarbonate ions in Spring Lake, 
carbon may have been limiting to plant and phytoplankton growth. 
The annual mean for specific conductivity in Spring Lake was 
137 micromhos/cm at 25 C. Monthly means for speci~ic conductivity 
were lowest in winter (106 micromhos/cm at 25 C in July, 1978) (Ap- -
pendix I, Figure 13). The north central Florida lakes investigated 
by Shannon and Brezonik (1972), from which they derived trophic 
indicator values, had low specific conductivity. According to their 
classification (Shannon and Brezonik, 1972), Spring Lake would be 
regarded as mesotrophic to eutrophic with respect to specific 
conductivity trophic indicator levels. 
Annual means for nitrite nitrogen, nitrate nitrogen, and phos-
phate phosphorus in the surface meter were 0.008 ppm, 0.030 ppm, and 
0.018 ppm, respectively. There was little difference between surface 
and bottom meter nutrient levels (Table 1). Nitrite nitrogen 
remained static at very low concentrations throughout the study year 
(Appendix I, Figure 14) while nitrate nitrogen varied month to 
month, but seasonal patterns were not evident (Appendix I, Figure 
15). Phosphate phosphorus levels appeared to rise in fall and spring 
(Appendix I, Figure 16). In general, nutrient levels in Spring Lake 
have decreased from levels reported in previous years (Osb orne, 
1976). As with the increase in visible light penetration, this may 
be the result of the effective operation of detention basins and/or 
15 
the increase in the density of Mayaca aubletii. Nutrient levels in 
Spring Lake during the 1978-1979 study year were similar to those 
reported by Milleson (1978) for Lake Placid, an oligo-mesotrophic 
lake in south central Florida. 
The annual mean for chlorophyll concentration in Spring Lake 
was 3.32 mg/m3 at the top and ·2.79 mg/m3 at the bottom. Spring 
Lake's chlorophyll values were low in contrast with other central 
Florida lakes. Annual mean values for chlorophyll concentration in 
Spring Lake wer e slightly lower than the average 6.2 mg/m3 chloro-
phyll value that Milleson (1978) reported for the oligo-mesotrophic 
Lake Placid. Scott (1980) reported an annual mean of 22.4 mg/m3 
for Little Lake Barton, a hydrilla infested lake in Orlando, Florida. 
Osborne (1972) found ch lorophyll concentrations of 96.3 mg/m3 in 
Lake Apopka, a large shallow eutrophic lake in central Florida. Hean 
monthly chlorophyll concentrations found in Spring Lake during the 
study year were at their highest in March with 5.06 rng/m3 (Appendix 
I, Figure 17). 
Benthic Macroinvertebrates 
A total of 51 taxa of benthic macroinvertebrates was collected 
in Spring Lal'e from July, 1978, to June, 1979. The annual mean 
? 
number of organisms /m .... was 94 7 ~vhile the annual mean number of 
species was 10/m2 Numbers of organisms and species collected were 
generally lower in the sp ring and sumner and higher in the fall and 
winter (Figure 3). Similar seasonal trends in benthic macroinverte-
brat e numbers were noted by Michael (1968) in a tropical freshwater 
• 
Figure 3. Mean monthly numbers (top diagram) and mean numbers of 
s pecies (bottom diagram) of benthic macroinvertebrates collected 
in Spring Lake from July, 1978, to June, 1979. 
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pond in India and Scott ( 980) in a hydrilla infested central Florida 
lake. The number of organisms and species peaked in September, 1978, 
with mean values of 1526/m2 and 17/m2 , respectively. The monthly 
mean numbers of organisms and species were at their lowest levels in 
May, 1979, with 451 prganisms/m2 and 4 species/m2 . 
Approximately 50 percent of the benthic macroinvertebrate 
species collected in Spring Lake bel onge d to the family Chironomidae 
(Appendix II). The remaining species we re divided among 22 families 
with no one family representing more than four percent of the total 
number of species. While chironomids were the most abundant group in 
terms of numbe r of species, they accounted for only 31.6 percent of 
the t o t al number of benthic macroinvertebrates collected. 
Hexagenia munda orlando, a mayfly endemic to the Central High-
lands of Florida, was the dominant species collected in Spring Lake. 
Hexagenia accounted for 18.4 percent of the total number of organisms 
collected during the study year. This species of mayfly is sensitive 
to low oxygen concentrations and cannot survive if dissolved oxygen 
concentrations are below 1.0 ppm (Osborne et al., 1976; Berner, 
1950). Hulber t (1976) listed Hexagenia munda orlando as an indicator 
species of clean, unaltered lakes in Florida. Monthly mean numbers 
of Hexagenia were fairly uniform during the 1978-1979 study year. 
The benthic macroinvertebrates which numerically dominated the 
benthos besides Hexagenia were Bezzia ~etulosa (12.2 percent of the 
nnual me n), Lirrmodrilus hoffmeisteri (9.9 percent), Hyalella azteca 
(9.6 percent), Coelotanypus tricolor (7.9 percent), Popenais buckleyi 
18 
(6.3 percent), and Polycentropus flavus (5.4 percent). Bezzia 
setulosa, a predatory midge , was the second most common species 
collected in Spring Lake. Although Bezzia is considered tolerant 
to organic pollution (Beck, 1954; US EPA, 1973), its presence in 
Spring Lake does not necessarily indicate polluted waters. Species 
indicative of polluted waters are also found in clean waters but 
generally in fewer numbers (US EPA, 1973; Hulbert, 1976). 
As lakes and streams become organically polluted, it is common 
to find an abundance of tubificid oligochaetes (Wetzel, 1975). The 
presence of large numbers of oligochaetes is considered indicative 
of organic pollution (Beck, 1954; Goodnight, 1973; Wiederholm, 1980; 
Resh and Unzicker, 1975; Hulbert, 1976; Wetzel, 1975). Hulbert 
(1976) reported a benthic macroinvertebrate standing crop at one 
station of 99,717/m2 in Lake Catherine, an eutrophic central Florida 
lake. Of this benthic standing, 94 percent (93,645/m2) were Limno-
drilus hoffmeisteri. Limnodrilus hoffmeisteri, the only tubificid 
oligochaete collected in Spring Lake, constituted less than ten per-
2 
cent (94/m ) of the benthic macroinvertebrate population in Spring 
Lake. 
Hyalella azteca (an amphipod) is typically associated with 
aquatic vegetation. Amphipods are omnivorous substrate feeders that 
consume bacteria, algae, and particulate detritus (Wetzel, 1975). 
Hyalella azteca was commonly observed in grab samples containing the 
aquatic plant Mayaca aubletii. Polycentropus flavus, a netspinning 
caddisfly, was also commonly observed in samples containing Mayaca. 
19 
These caddisflies utilize nets to enhance their capture of foods from 
a fixed retreat (Harris and Lawrence, 1978). The genus Polycentropus 
is generally considered indicative of good water quality (Beck, 1954; 
Hulbert, 1976; and US EPA, 1973). 
Coelotanypus tricolor was the most common chironomid collected 
in Spring Lake (Table 2). Hulbert (1976) reported that the genus 
Coelotanypus is the most dominant lake midge in central Florida. 
Monthly mean numbers of Coelotanypus tricolor in Spring Lake ranged 
from 4/m2 in April, 1979, to 181/m2 in January, 1979. Low spring 
numbers of Coelotanypus tricolor probably re f l e ct their emergence from 
the lake. Monthly mean numbers of Popenais buckleyi (a unionidid 
2 
·clam endemic to peninsular Florida) ranged from 22/m in March, 1979, 
to 133/m2 in September, 1978. Since clams do not emerge from the 
lake as do most aquatic insects, this wide range of monthly mean 
numbers is probably due to the clumped distribution of the clams. 
Researchers utilizing the indicator organisms approach to water 
quality analysis divide benthic macroinvertebrates into three groups: 
tolerant, facultative, and intolerant (US EPA, 1973). Tolerant 
organisms are those which are frequently associated with gross 
organic contamination and can thrive under anaerobic conditions. 
Facultative organisms are tolerant to a wide range of environmental 
conditions and are frequently associated with moderate levels of 
organic contamination. Intolerant organisms are not found in waters 
with high or moderate levels of organic contaminants and are intol-
erant of moderate reductions in dissolved oxygen concentrations. Of 
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the 51 taxa collected in Spring Lake during the 1978-1979 study year, 
18 taxa are considered to be intolerant, 16 are facultative, and 10 
are tolerant (Table 3) (US EPA, 1973; Beck, 1977; Hulbert, 1976; 
Hubbard and Peters, 1978; Harris and Lawrence, 1978). The water 
quality preference of seven species was not found in the literature, 
so they were n·ot listed. The majority of organisms collected in 
Spring Lake are classified as intolerant. Utilizing the indicator 
organism approach to water quality analysis, Spring Lake would be 
considered free of moderate levels of organic contamination. The 
presence of tolerant organisms in Spring Lake is not significant. 
Benthic macroinvertebrates which are considered tolerant to organic 
pollution are also found in clean environments and their presence is 
significant only when they are found in tremendous numbers and/or in 
the absence of intolerant species (US EPA, 1973). 
Two different indices were utilized to mathematically analyze 
benthic macroinvertebrate community structure. The Shannon Index 
(d) depicts the species diversity of the benthic community. Values 
generated for d can theoretically range from zero to infinity but 
in practice generally range from zero to five (Ransom and Dorris, 
1972). I Wilhm and Dorris (1968) reported that values for the Shannon 
Index of less than 1.0 have been obtained from heavily polluted 
waters, values of 1.0 to 3.0 from waters of moderate pollution, 
and values greater than 3.0 from clean waters. Ransom and Dorris 
(1972) stated that for lake studies, the terms oligotrophic, meso-
trophic, and eutrophic can be substituted for clean, moderately 
Table 3. Organic pollution tolerance classification of benthic 
macroinvertebrates collected in Spring Lake from July, 1978, 
to June, 1979. 
Intolerant 
Hydracarina 
Ab labesymia 
annulata 
Ab labesymia 
cinctipes 
Cryptotendipes 
casuarius 
Cryptocladopelma 
edwardsi 
Cryptocladopelma sp. 
Dicrotendipes 
leucoscelis 
Epoicocladius sp. 
Orthocladius sp. 
Pagestiella sp. 
Psectrocladius sp. 
Pseudochironomus sp. 
Tanytarsus sp. 
Orthotricha sp. 
Oxyethira walteri 
Polycentropus 
flavus 
Hexagenia munda 
orlando 
Pyralididae 
Facultative 
Cura foremani 
Hyalella azteca · 
Palaemonetes 
paludosus 
Ablabesymia 
parajanta 
Chironomus sp. 
Cladotanytarsus sp. 
Clinotanypus 
pinguis 
Coelotanypus 
tricolor 
Cryptochironomus 
fulvus 
Dicrotendipes 
modest us 
Eienfeldia sp. 
Paralauterborniella 
. nigrohalteralis 
Parachironomus 
monochirmus 
Chaoborus 
punctipennis 
Gomphus cavellaris 
Oecetis sp. 
Tolerant 
Limnodrilus 
hoffmeisteri 
Lumbriculidae 
Placobdella sp. 
Procambarus 
fall ax 
Polypedilum 
halter ale 
Pro clad ius 
sublettei 
Bezzia setulosa 
Caenis diminuta 
Physa pumilia 
Sphaerium sp. 
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polluted, and heavily polluted waters and their corresponding 
diversity values. Hulbert (1976), based on his results from sam-
pling 200 Florida lakes, concluded that the values for d which are 
greater than 2.0 indicate clean, unaltered lakes, 0.5 to 2.0 are 
indicative of moderately polluted lakes, and values less than 0.5 
are representative of extremely altered or polluted lakes. The 
~ 
Simpson Index measures the -dominance of species (Simpson, 1949). 
According to the information theory, benthic collections from pol-
luted waters would contain high numbers of few species and result in 
a low Shannon Index and a high Simpson Index (Ransom and Dorris, 
1972). 
The annual mean for the Shannon Index in Spring Lake was 2.60. 
Diversity was greatest in late summer-early fall and lowest in late 
spring (Figure~). The Simpson Index followed the same general 
trends as the Shannon Index but inverted (Figure 4). When the 
Shannon Index was low, the Simpson Index was high and vice versa. 
The annual mean for the Simpson Index was 0.25. Using the breakdown 
of diversity values proposed by Wilhm and Dorris (1968) and Ransom 
and Dorris (1972), the annual mean Shannon Index for Spring Lake 
during the 1978-1979 study year would place Spring Lake into the 
mesotrophic classification. Utilizing Hulbert's (1976) breakdown 
of Shannon Index values, Spring Lake would be classified as a clean, 
unaltered lake. Both Wilhm and Dorris (1968) and Hulbert (1976) 
did not account for sampling season and insect emergence in their 
observation of d values and lake trophic status. To minimize the 
) 
I ( 
Figure 4. Mean monthly values of the Simpson Index (top diagram) 
and Shannon Index (bottom diagram) for benthic macroinvertebrates 
in Spring Lake for the period of July, 1978, to June, 1979. 
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effect of seasonal abundance due to the emergence of insects, Wieder-
holm (1980) suggested using only those samples collected during early 
spring or fall when comparing different lakes. Osborne et al. (1976) 
calculated benthic macroinvertebrate species diversity values of six 
oligotrophic central Florida lakes in summer. Mean species diversity 
(~) values for the six lakes ranged from 0.735 io 1.731. ] hey con-
the .lq:w d.iversity values. :we:re tl:l.e re_stJJ. t; of summer stress 
diversity va l ues were attributed to changes in the physical and chem-
ical water quality and the emergence of aquatic insects. Since the 
benthic macroinvertebrate community in Spring Lake did not appear 
stressed from poor water quality during the study year, decreases in 
spring and summer species diversity values are assumed to be the 
result of insect eme rgence. 
SUMMARY 
Benthic rnacroinvertebrates and physicochemical pararnters were 
sampled monthly in Spring Lake, Florida from July, -1978, to Jun-e, 
1979. A total of 51 taxa of benthic macroinvertebrates was col-
lected. Approximately 50 percent of the taxa collected were of the 
family Chironomidae. The mayfly Hexagenia munda orlando was the most 
numerous species collected, comprising 18.4 percent of the annual 
mean. The majority of the benthic macroinvertebrates found in Spring 
Lake are considered indicators of clean, unaltered lakes. · 
Shannon species diversity values of the benthic macroinverte-
brate population were generally lower in spring and summer and higher 
in fall and winter. While seasonal variation in benthic macroinver-
tebrate communities is well documented for tropical, subtropical, and 
temperate lakes, in Spring Lake, however, seasonal variation is not 
the result of summer stress conditions as is commonly reported in the 
literature. Spring and early summer lows in species numbers and 
diversity are apparently the result of aquatic insect emergence. 
Nutrient levels in Spring Lake are similar to other oligo-meso-
trophic central Florida lakes. Annual means for nitrite nitrogen, 
nitrate nitrogen, and phosphate phosphorus were 0.008 ppm, 0.030 ppm, 
and 0.018 ppm, respectively. Monthly mean dissolved oxygen concen-
trations never dropped below 5.8 ppm. Visible light penetration 
averaged 533 ern for the study year. Spring Lake lacked thermal 
29 
stratification of the water column and was apparently holomictic 
throughout the year. This accounted for the physical and chemical 
parameters being nearly uniform in the top and bottom meter of the 
wat~r column and the lack of stress on the benthic macroinvertebrate 
community as a result of thermal stratification. 
Appendix I. Monthly mean values for physicochemical and 
chlorophyll parameters in Spring Lake from 
July, 1978, to June, 1979. 
Figure 5. Monthly mean values (± 95 percent confidence limits) for 
water temperature in the top and bottom meter of the water column 
in Spring Lake from July, 1978, to June, 1979. 
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Figure 6. Monthly mean values (± 95 percent confidence limits) for 
the light extinction coefficient in Spring Lake from July, 1978, 
to June, 1979. 
.... 
c 
• 
u 
-.... 
.. 
• 
0 
0 
c 
0 
·-.. 
u 
= 
·-
... 
.... 
0 
• 
... 
.... 
.... 
.... 
I 
• 
I , 
• 
I 
I 
I 
I 
' 
' 
' 
I 
' 
... 
I 
... 
.... 
.... 
I 
... 
...... , 
I ' 
I , 
, 
\ 
- ' 
' • \ 
\ 
\ 
\ 
\ 
............ . 
I 
I 
I 
I 
I 
• , 
, 
' 
' 
' 
' 
' 
'• I 
I 
I 
I 
I 
• \ 
\ 
' 
an 
d 
\ 
' • 
-
0 
.c 
.. 
c 
0 
2 
Figure 7. Monthly mean values (± 95 percent confidence limits) for 
turbidity in the top and bottom meter of the water column in 
Spring Lake from July, 1978, to June, 1979. 
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Figure 8. Monthly mean values (± 95 percent confidence limits) for 
color in the top and bottom meter of the water column in Spring Lake 
from July, 1978, to June, 1979. 
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Figure 9. Monthly mean values (± 95 percent confidence limits) for 
dissolved oxygen in the top and bottom meter of the water column in 
Spring Lake from July, 1978, to June, 1979. 
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Figure 10. Monthly mean values (± 95 percent confidence limits) for 
hydrogen ion concentration in the top and bottom meter of the water 
column in Spring Lake from July, 1978, to June, 1979. 
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Figure 11. Monthly mean values (± 95 percent confidence limits) for 
t otal alkalinity in the top a nd bottom meter of the ~vater column in 
Spring Lake from July, 1978, to J~ne, 1979. 
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Figure 12. Monthly mean values (± 95 percent confidence limits) for 
inorganic carbon in the top and bottom meter of the water column in 
Spring Lake from July, 1978, to June, 1979. 
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Figure 13. Monthly mean values (± 95 percent confidence limits) for 
specific conductivity in Spring ·Lake from July, 1978, to June, 1979. 
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Figure 14.- Monthly mean values (± 95 percent confidence limits) for 
nitrite nitrogen in the top and bottom meter of the water column in 
Spring Lake from July, 1978, to June, 1979. 
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Figure 15. Monthly mean values (± 95 percent confidence limits) for 
nitrate nitrogen in the top and bottom meter of the water column in 
Spring Lake from July, 1978, to June, 1979. 
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Figure 16. Monthly mean values (± 95 percent confidence limits) for 
orthophosphate (phosphate phosphorus) in the top and bottom meter of 
the water column in Spring Lake from July, 1978, to June, 1979. 
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Figure 17. Monthly mean values (± 95 percent confidence limits) for 
chlorophyll in the top and bottom meter of the water column in Spring 
Lake from July, 1978, to June, 1979. 
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Appendix II. Classification of benthic macroinvertebrates 
collected in Spring Lake from July, 1978, to June, 1979. 
Platyhelminthes 
Class Tubellaria 
Family Planariidae 
Annelida 
Class Oligochaeta 
Family Tubificidae 
Family Lumbriculidae 
Class Hirudinea 
Arthropoda 
Class Arachnoidea 
Order Hydracarina 
Class Crustacea 
Subclass Ostracoda 
Order Podocopa 
Subclass Malacostraca 
Order Amphipoda 
Family Talitridae 
Order Decapoda 
Family As t ·acidae 
45 
Family Palaemonidae 
Class Insecta 
Order Diptera 
Family Chironornidae 
Cura foremani 
Limnodrilus hoffmeisteri 
Unknown species 
Placobdella sp. 
Unknown species 
Unknown species 
Stenocypris sp. 
Hyalella azteca 
Procambarus fallax 
Palaemonetes paludosus 
Ablabesymia annulata 
Ablabesymia cinctipes 
Ablabesymia parajanta 
Anatopynia sp. 
Chironomus sp. 
Cladotanytarsus sp. 
Clinotanypus pinguis 
Coelotanypus tricolor 
Cryptotendipes casuarius 
Cryptocladopelma edwardsi 
Cryptocladopelrna sp. 
Cryptochironomus fulvus 
Dicrotendipes leucoscelis 
Dicrotendipes modestus 
46 
Family Chaoboridae 
Family Ceratopogonidae 
Mollusca 
Order Trichoptera 
Family Hydroptilidae 
Family Leptoceridae 
Family Polycentropidae 
Order Ephemeroptera 
Family Caenidae 
Family Hexageniidae 
Order Lepidoptera 
Family Pyralididae 
Order Odonata 
Family Gomphidae 
Family Libellulidae 
Class Gastropoda 
Family Physidae 
Class Pelecypoda 
Family Sphaeriidae 
Family Unionidae 
Einfeldia sp. 
Epoicocladius sp. 
Orthocladius sp. 
Pagestiella sp. 
Paralauterborniella 
nigrohalteralis 
Parachironomus monochirmus 
Polypedilum halterale 
Procladius sublettei 
Psectrocladius sp. 1 
Psectrocladius sp. 2 
Pseudochironomus sp. 
Tanytarsus sp. 
Chaoborus punctipennis 
Bezzia setulosa 
Orthotricha sp. 
Oxyethira walteri 
Oecetis sp. 
Nectopsyche tarva 
Polycentropus flavus 
Caenis diminuta 
Hexagenia munda orlando 
Unknown species 
Gomphus cavellaris 
Celithemus bertha 
Celithemus fasciata 
Physa pumilia 
Sphaerium sp. 
Popenais buckleyi 
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